Background: An accurate tool with good discrimination for bleeding would be useful to clinicians for improved management of all their patients. Bleeding risk models have been published but not externally validated in independent clinical dataset. We chose the NCDR PCI score to validate within a large, multi-site community datasets. The aim of the study was to determine the diagnostic utility of this bleeding risk score tool.
INTRODUCTION
Interest in bleeding risk stratification for patients undergoing percutaneous coronary artery intervention (PCI) has proliferated with a corresponding increase in multiple and competing quantitative tools for assessing bleeding risk in patients [1] [2] [3] [4] [5] [6] . Preventing major bleeding events following PCI is extremely important because such bleeding is known to have a significant impact on patient outcomes. Those who experience a PCI-related major bleed have increased morbidity [7] [8] [9] [10] , additional imaging and longer hospital stays [11] . They also have a 3-fold increase in mortality [12] .
An accurate tool with bleeding risk discriminative ability would be useful to clinicians for improved management of all their patients. Articles have been published on the development of several tools for predicting bleeding risk [3, [13] [14] [15] [16] . Many have yet to be externally validated among a real-world, wide spectrum of patients. Despite this, there is advocacy for bleeding risk stratification to potentially guide anticoagulant *Address correspondence to this author at the Genesys Regional Medical Center, Office of Research / Ste 2442, One Genesys Pkwy, Grand Blanc, MI 48439, USA; Tel: 810-606-7724; Fax: 810-606-5882; E-mail: kbarber@genesys.org utilization.
The implication is that different anticoagulants can be targeted based on bleeding risk. How accurate these risk scores are when validated in a real world clinical practice has not been fully determined. There is a need for a clinically focused validation analysis of these bleeding risk scores in current, real-world clinical patients.
We chose a nationally recognized index, the National Cardiovascular Data Registry of Percutaneous Coronary Interventions (NCDR PCI) Bleeding Risk Score [13] , to be validated by a large, independent, multi-site community hospital real-world data registry. This bleeding risk index was chosen because of its current use among hospitals, including Accountable Care Organization (ACO) sites in the United States. The hypothesis was to test the discriminatory power of the NCDR PCI bleeding risk tool and to determine the tool's diagnostic utility among patients undergoing PCI.
METHODS

Study Design and Population
This is a real-world, large-scale retrospective analysis utilizing American College of Cardiology (ACC) data from a 37-hopsital National Health System. A central repository, independent of the NCDRCathPCI database, was prospectively initiated across the health system in 2007 with mandatory reporting of 84 well-established data points defined by the ACC. Data were entered prospectively by trained personnel at the time of the heart catheterization for consecutive patients from all hospitals performing catheterization in this healthcare system. Cath lab technicians and nursing staff enter the data immediately following each procedure. The registry represents procedures and devices as used in routine clinical practice per operator discretion. The database is routinely audited for accuracy and completeness. The data from the most recent three-year period from June 1, 2009 through June 30, 2012 for index PCI procedures was selected (n=5114). Pre-procedure creatinine values were used for the GFR calculation. Patients missing preprocedure creatinine (n=254) had post-procedure creatinine imputed into the calculation. An additional 167 patients had missing pre and post creatinine and were excluded from the analysis (3.2%). Patients with complete bleeding risk score information were included in this study (n=4693).
Endpoints
The primary endpoint for the predictive accuracy of the NCDR PCI Bleeding Risk Score (BRS) was major bleeding episodes. Major bleeding was defined as any of the following occurring within a 72 hour period of the procedure: hemoglobin drop of >= 3g/dL; transfusion of whole blood or packed red blood cells; procedural intervention/surgery at the bleeding site to reverse/stop or correct the bleeding.
Bleeding Risk Model
The risk scale used for this propensity analysis was the NCDR PCI Bleeding Risk Score [17] . The 13-point (13 pt) scale includes the prognostic factors of Acute Coronary Syndrome (ACS) type (10 or 3 pt), NYHA Class IV CHF status (4 pt), gender (6 pt), cardiovascular history (8, 4, or 2 pt), no previous PCI (4 pt), age (8, 5 , or 2 pt) and estimated GFR (1 pt per 10 unit decrease <90). The risk score is further categorized into three distinct risk levels of low (< 7 pt), intermediate (8) (9) (10) (11) (12) (13) (14) (15) (16) 
Statistical Analysis
Discriminant analysis was conducted and evaluated for each risk category. Discrimination of the scale was evaluated by the receiver operating characteristics (ROC) curve and area-under-the curve (AUC) expressed by the c-statistic. Calibration or level of agreement between observed and predicted outcomes was assessed using the Hosmer-Leme show goodness-of-fit test. For all analyses, significance was set at p<0.05. Software for processing the data was SPSS 18.0 (Chicago, Illinois, USA). Table 1 Of the total number of patients (n=4693), a majority were Caucasian (n=4259, 90.8%) and male (n=3139, 66.9%). Most were hypertensive (n=3964, 84.6%) and overweight (n=1633, 35.3%) or obese (n=2146, 46.4%). Diabetes was present in 1728 (36.8%). The mean age was 64.3 (sd=12.0). The overall mean creatinine level was 1.18 (sd=0.93, range 0 -20). The mean GFR level was 57.1 (sd=26.3, range: 2 -818).
RESULTS
Baseline Characteristics are Summarized in
There were 1889 (40.3%) elective procedures and 2794 (59.6%) urgent or emergent. The most common indication for percutaneous coronary intervention (PCI) was high-risk non STEMI or unstable angina (n=2064, 44.0%). A majority were conducted through femoral access (n=4546, 97.1%) and with manual compression to close the site (n=2884, 78.7%). 
Endpoints
A total of 143 patients (3.0%) experienced a major bleeding event. Other post procedure events included 45 (1.0%) cardiogenic shock, 63 (1.3%) heart failure, 13 (0.3%) cerebral vascular accident, 3 (0.1%) hemorrhagic stroke, 4 (0.1%) tamponade, 41 (0.9%) other vascular complication, 12 (0.3%) dialysis, and 123 (2.6%) transfusions. There were 52(1.1%) predischarge deaths.
Bleeding Risk Score
A breakdown of patients with the factors included in the bleeding risk model is summarized in Table 2 .
The categorical cutoff points for the NCDR BRS placed a majority of patients into the "Intermediate" risk category (n=2404, 51.2%). The mean bleeding risk score was 14.7 (sd=5.9, range: 3 -42). The incidence of bleeding observed for the low, intermediate, and high risk categories was 0.5%, 1.7%, and 7.6% respectively. There were 113 of 3080 (3.7%) bleeding events in the heparin group and 30 of 1464 (2.1%) bleeding events in the bivalirudin group. Among patients receiving heparin, with or without IIb/IIIa inhibitors, the rates according to risk category were 0.3%, 1.7%, and 8.7% respectively. Among patients receiving bivalirudin the rates were 0.7%, 1.7%, and 3.5%. The BRS was a highly significant predictor of bleeding among patients who had received heparin (OR=5.5, CI: 3.7 -8.1, p<0.0001) but a weak predictor among those receiving bivalirudin (OR=2.1, CI: 1.1 -3.8, p=0.01). 
Diagnostic Utility
Overall sensitivity was 0.76 and specificity was 0.64. The positive Likelihood Ratio was 2.1 and the negative Likelihood Ratio was 0.38. Among patients receiving heparin the diagnostic values included; sensitivity (0.79), specificity (0.64), positive Likelihood Ratio (2.2) and negative Likelihood Ratio (0.33). Among patients receiving bivalirudin the diagnostic values included; sensitivity (0.63), specificity (0.65), positive Likelihood Ratio (1.8) and negative Likelihood Ratio (0.57). For both heparin and bivalirudin patients, the BRS demonstrated Likelihood ratios that provide indeterminate results ( Table 3) .
We also conducted a discriminate analysis on the BRS scale for prediction of major bleeding. Receiver Operator Characteristics were calculated and the corresponding curves generated. Determination of the additive value of the tool was made by the area under the curve (AUC) scale for which a 1.0 is a perfect test [19] . The ranking ranges are as follows: Excellent (.91 -1.0), Good (.81 -.90), Fair (.71 -.80), Poor (.61 -.70), and Fail (.51 -.60).
Among the entire sample of 4693 patients, 143 (3.0%) had a major bleeding outcome. The AUC was 0.71 (CI: 0.67 -0.79), a prediction value of 'fair' for the BRS tool. We then examined the accuracy within each cutoff point of the bleeding risk score (low, intermediate, high) (Figure 1) . The AUC for the Low Risk group of patients (n=879, events = 4) was 0.57 (CI: 0.26 -0.88), the AUC for the Intermediate Risk group (n=2364, events = 40) was 0.58 (CI: 0.49 -0.67), and the AUC for the High Risk group (n= 1306, events=99) was 0.61 (CI: 0.55 -0.67). The corresponding predictive value for these risk levels is fair, fair, and poor, respectively.
Because the number of events for the low risk group was low (n=4) we examined the BRS scale with a cutoff point of 17 for which the low and intermediate risk were combined. The AUC for this group (n=3243, events = 44) was 0.64 (CI: 0.57 -0.72) or poor predictive value. We also examined the accuracy of the tool by anticoagulant subgroups (Figure 2 ). For the 3080 heparin patients, there were 113 bleeding events and the AUC was 0.78 (CI: 0.74 -0.82), a discriminating value of fair. For the 1464 bivalirudin patients, there were 30 bleeding events and the AUC was 0.65 (CI: 0.56 -0.75), a discriminating value of poor.
DISCUSSION
Validation of the NCDR PCI bleeding risk score (BRS) in this wide-spectrum population of current clinical practice patterns suggests that a bleeding risk index has limited utility for diagnostic and riskstratification purposes. Although the accuracy observed in our study was similar to what was achieved in other studies and for other bleeding risk tools (AUC: 068 -0.78), our interpretation differs [3, 13, 14, 17, 20] . The question for the clinician is whether the tool has good discrimination or the ability of the test to correctly classify those with and without the outcome. The area under the curve (AUC) represents the percentage of randomly drawn pairs for which a patient with and without the condition is correctly identified as such by the tool [19] . An AUC of 0.90 would achieve correct classification 90% of the time. The APACHE II score (AUC 0.98) is an example of a tool with high accuracy, great predictive value, and validation in various population samples [21, 22] .
A diagnostic tool that has no clinical utility is one that is no better than chance. A tool with an AUC of 0.50, for example, correctly classifies patients only 50% of the time. For the current validation study, among a wide spectrum of clinical patients, the BRS was disappointing, achieving an overall AUC of only 0.74 or a 74% probability of correctly classifying those with and without major bleeding. This finding and the corresponding poor likelihood ratios (unable to rule-in or rule-out), indicate that the tool has limited clinical utility for major bleeding.
Major bleeding was chosen as the primary outcome due to its relevance regarding outcome severity. Others have shown that the severity of bleeding is significantly associated with severity of patient outcomes [3, 23] . Minor bleeding (access site oozing, small hematoma, and other minor bleeding) has less clinical relevance for bleeding implications prior to and following discharge [23] . The inclusion of minor bleeding events can also generate less clinically relevant findings in validation studies. Compared to focusing on major bleeding events, inclusion of minor bleeding can over estimate sensitivity and under estimate specificity of the tool. Eliminating minor bleeding from the equation provides maximum accuracy estimates for bleeding of clinical relevance. The BRS in this population achieved a fair but not good discrimination result.
Furthermore, the tool performed less accurately among bivalirudin patients alone (AUC 0.65 compared to heparin AUC of 0.78). Because bivalirudin decreases the risk of bleeding for all patients, whether at low or high risk of bleeding, it is not surprising that the discrimination would be less than that for heparin patients. The tool would identify a greater rate of high risk patients among the bivalirudin group then among the heparin group for whom major bleeding does not occur. As expected, the predictive accuracy of the tool for patients given bivalirudin was very poor as it classifies many as high risk who are subsequently prevented from any major bleeding event. Treatment with bivalirudin following tool implementation differentially biases the high risk group with low bleeding rates, making retrospective validation skewed. This would explain the low predictability of the BRS that has been observed.
For validation purposes, the BRS requires adjustment for bivalirudin anticoagulation, which others identify as a limitation in previous validation studies [13, 17] . In addition, a physician clinical-selection effect renders validation problematic. Physicians preprocedurally select the very low and the high risk patients for prevention treatment. For risk stratification purposes, the actual utility of the BRS for the clinician occurs among intermediate risk groups. Yet, we observed poor predictive value with this category when validated in a real, world spectrum of patients (AUC: 0.58). Other studies examining in-hospital bleeding from PCI have performed validation of the BRS but our study is the first to perform the validation in a dataset independent of the data by which the tool was developed.
The strengths of our study include the validation among a large, independent dataset of patients across a wide spectrum of community hospital practices. We included only major bleeding events in order to focus findings on clinically significant patient outcomes. The data is current (2010-2012) and represent a wide range of clinical practices. Limitations include the low number of events in the low-risk group. However, when combined with the intermediate risk group accuracy did not improve substantively.
Overall, we observed fair but not good discrimination with the BRS for prediction of in-hospital bleeding following PCI. For the intermediate and the combined risk groups, sensitivity was fair but specificity was low and the likelihood ratios were both indeterminate, even after controlling for anticoagulant therapy use. Based on these findings, the BRS can neither rule-in nor rule-out major bleeding episodes to any significant degree. The ultimate question is whether the consequences of using this tool will improve patient-oriented outcomes -no bleeding following PCI. The utility of a bleeding risk index is low in terms of providing clinicians with a tool that can predict major bleeding among patients that are not at the extreme ends of risk, neither high nor very low risk. Sufficient evidence does not exist for an effective bleeding risk tool that is applied pre-procedure. Furthermore, bleeding risk tools that have been developed for predicting in-hospital major bleeding are less predictive and therefore less useful in the era of bivalirudin.
CONCLUSION
The bleeding risk score tool validated among an independent, current clinical spectrum of patients demonstrated low predictive value with findings similar to what others have reported. The current state of bleeding risk score tools provide little support for diagnostic utility in regards to major bleeding and therefore have limited clinical applicability.
